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Quantum Computers: Is it just fantasy?

What systems can be used as Quantum Bits?
How do we control them?
How do we measure them?

How do we couple them?

Are they reliable enough?

Is it all worth it?




Two Possible Architectures For Quantum Computing

“Nodal”

“Variable”




For Solid State Systems:

Q v" nodal scheme

v’ tune qubits for resonant coupling
v use micro-fabrication technology
v’ scale to > 100 qubits




The Current Biased Josephon Qubit

The Josephson Relations
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Josephon Qubit Operat
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The Current Bias

I(t) =T+ I(t) + I,.cos(m,,t) + I, simn(w,,t)

c, => [ cos(m,,t)
c, => [ sin(o,t)
c, => I,(t)
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Energy Relaxation Time

~ 0.3 us

Rabi Oscillations

~ 10 ns




e Measurement too harsh!

e Quasiparticle heating.

e Need further isolation from environment.




A New Improved Josephs

d.c. SQUID Readout
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Flux Bias Coil




Josephson
Junction

X

Superconducting Ring Qubit

d.c. SQUID Readout

Al-AlOx-Al junctions
fabricated with
Flux Bias Coil optical lithography




A New Improved Josephson Qubit
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Improved Energy Relation Time

T, ~ 0.4 us
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Improved Rabi Oscillations

=
©
N 4
1 [l 1 .
= Q = (= o o o =) o =
o < < ™ ™ N ~N - =

(zHIN) Aouanbai4 1gey

T ~41] ns

(c)

n o

(1] Jo Ajjigeqold uonednoo

[NmW ]

Power

Rabi Pulse Time t, [ns]



Spectroscopy of the | 0> — | 1> transition
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Rabi Pulse Time . ns]
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Occupation Probability of |1)
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Beating Of Rabi Oscillations
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Frequency [a.u.]
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Simulations Of Rabi Oscillations




_Iuctuators in the Tunnnel Barriers

2 of resonance!
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Newest Improvements to the Qubit

o Use gradio
« Move bias cc
 Fabricate at
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Better I-Vs
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/ Relation Time

T, > 2 US
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Improved Rabi Oscillations

T~ 100 ns

100 140 160 180 200

t [ns]

120



WHAT IS IN YOUR HAMILTONIAN?




The Asymmetric d.c. SQUID

The Induct i
¢ Inductors Current-Phase Relations
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The Asymmetric Design

I ~0: Symmetric Currents I" 0: Asymmetric Currents
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The Asymmetric d.c. SQUID
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